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Multistage frequency conversion 



The present invention relates to a receiver using multistage fiequency 
conversion. The invoition further relates to a transmitter using multistage fiequency 
convei^on and to a transceiver comprising such a receiver and transmitter. Hie invention 
also relates to a method for multistage firequency conversion of a radio frequency signaL 

A receiver using multistage firequency conversion is known fix)m the US 
patmt 6»282,413 Bl . Shown is a receiver for dowrhconverting a radio frequency signal using 
two separate frequency down conversion stages. Each of those stages is comprising a mixer. 
The corresponding mixing signals used by those mixers are gmerated by a tunable oscillator. 
However, since the tuning range of such a tunable local oscillator is limited per se, the 
corresponding receiving bandwidth i.e. the bandwidth from which the receiver can receive 
signals, is also limited 

To this end, receiver for receiving a radio frequency signal having a cent^ 
frequency that is comprised in one of at least two fiequency bands, comprising: 

oscillating means for generating a first mixing signal having a first firequency; 

a fiiequency divider arranged to derive a second mixing signal from the first 

mixing signal; 

a first mixer arranged to down-convert the radio firequency signal to a fiurst 
lower fiequency signal using the first mixing signal; and 

a second mixer arranged to down-convert the first low firequency signal to a 
second lower fiiequency signal using the second mixing signal; 

in which a division factor of the frequency divider and a ratio between the 
center firequency and the fiirst frequency are detramined by the one of at least two ficequency 
bands. 

In the invmtion as claimed, the ratio between the frequency of the Srst mixing 
signal and the CCTiter firequency such as a carrier fiequency, is determined by the firequency 
band coinprising the center frequency. According to the present invention the oscillating 
means are arranged to generate the first mixing signal. The second mixing signal is derived 
from the fiurst signal by using a frequency divider which has a division &ctor that is also 
determined by the frequency band comprising the center firequency. Therefore, the 
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frequencies of the mixing signals are no longer fixed but are made variably dqiendent on the 
center frequency. Herewith the receiving bandwidth can advantageously be increased without 
having to increase flie corresponding tuning range of the osdllatmg means. In addition, given 
a certain receiving bandwidth the present invention can advantageously be used for reducing 
the tuning rauge of the oscillating means without reducing the receiving bandwidth as such. 

In a further embodiment according to the preset invention the receiver is 
comprising a phase shifter to shift the phase of the second mixing signal which can be used 
for the down-conversion of quadrature signals such as I-Q signals. 

These and other aspects of the invention will be ftirther elucidated by means of 
the following drawings. 

Fig. 1 shows some exanqiles of frequency ranges that are used for wireless 

LAN applications. 

Fig. 2 shows a first enibodiment of a receiver according to the present 

invention. 

Fig. 3 shows a second embodiment of a receiver according to the present 

invention. 

Fig. 4 shows an embodiment of a transmitter according to the present 

invention. 

Fig. 5 shows an embodiment of a transceiver according to the present 

invention 

Fig. 6 shows a flowchart showing the steps for multistage frequency 
conversion according to the present invention. 

Fig. 1 shows by means of example some firequency bands used with wireless 
LAN applications. As can be observed, some frequency bands are adjacent to others. See for 
example, USA WLAN and the frequency band for Automotive Telematics in the USA. 

Fig. 2 shows a receiver according to the present inventiotL Shown are first and 
second mixers 12 and 16 which are coupled via low-pass filter 14 for removing unwanted 
spectral components from the first lower frequency signal 15. The receiver further comprises 
oscillating means 20 which may comprise a PLL or a fi»e running oscillator for generatmg 
the first mixing signal. The embodiment ftulher comprises frequency divider 22 for deriving 
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the second mixing signal 13 fiom the first mixing signal 11. Both the division &ctor of tiie 
fiequency divider and the ratio betwem the fi^uency of the first mixing signal 1 1 and the 
center fi:equency are dependent on the frequency band conq^rising the center fi^equency. It is 
to be noted that the wording center firequency also conq)rises a carrier firequency. The 
5 achievable reduction in tuning range is illustrated below. By means of example, the 

fiequency of the first mixing signal 1 1 has a ratio of N/(N+1) to the carrier fi^qumcy. The 
frequency divider 22 has a division factor N. Therefore, the firequency of the second mixing 
signal equals 1/(N+1) times the center firequency. N can assume any integer number For N=2, 
the first mixing signal would have a fi:equency of 2/3 times the center firequency whilst the 
10 second mixing signal would have a fiequency of 1/3 times the center firequency. In table 1 , 
the tuning range is calculated for dififerent values of N. Nevertheless, N is fixed for the entire 
receiving bandwidth that ranges fix>m 4900 to 5925 MHz. The tuning range of the oscillating 
means 20 is expressed in terms of a relative bandwidth (%) which can be calculated as : 
(Finax-Fmin)/((Fmax+Fniin)/2)*10()%. 



Center frequency 
(MHz) 


N 


1" mixing signal 
(MHz) 


Tuning range 
(%) 


4900-5925 


2 


3267 - 3950 


18.9 


4900-5925 


3 


3675 - 4444 


18.9 


4900 - 5925 


4 


3920 - 4740 


18.9 



Table 1 : Tuning range for fixedN. 



In table 2, the value of N is made dependent on the firequency band comprising 
the center firequency. 

20 



Center firequency 


N 


l** mixing signal 


Tuning range 


(MHz) 




(MHz) 


(%) 


4900 - 5266 


3 


3675 - 3950 




5267-5925 


2 


3511-3950 


11.5 



Table 2 : Tuning range for variable N. 



In this case the oscillator means 20, only need to cover the firequency range 
fix)m 3511 to 3950 MHz. This represents a tuning range of 11.8 % which is about 1.5 times 
25 lower compared to the first situation. Although in the above example the ratio between the 
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first frequency and the center frequency equals N/(N+1), other ratio's and division fectors are 
equally possible. For a zero-IF receiver for example, a ratio of N/(N-1) between tiie 
frequency of the first mixing signal 11 and the center fisquency of the input signal 10 can be 
used as well. In this case, by using firequency divider 22 having a division factor N, the 
frequency of the second mixing signal 13 becomes 1/(N-1) times the crater frequency. In 
general, for 2Bro-IF, the sum of the firequencies of the mixing signals 1 1 and 13 must equal 
the center frequency. For non-zero IF however, the ratio and the division factor should be 
chosen such that the sum of flie fijequendes of mixing signals 1 1 and 13 does not equal the 
center frequency. 

Fig. 3 shows an embodiment of a receiver according to the present invention 
-v^biffl^ mixers 30 and 32 are used for down-converting quadrature signals for use in for 
example I-Q demodulators, hi order to down-convert the quadrature signals the receiver 
comprises a phase shifter 34 for sMftioig the phase of the second mixing signal 

Fig. 4 diows an embodimCTt of a transmitter according to the presaat 
invention. Shown are mixers 57 and 59 for up-convorting lower fi^quency signal 10 to a 
radio frequency signal 53. To this end, mixers 57 and 59 make use of mixing signals 54 and 
55. Mixing signal 54 is derived fiwm mixing signal 55 using firequency divider 61 which has 
a programmable division fector. Mixmg signal 55 is generated using oscillating means 56 
which can e.g. be PLL based or can make use of a fi»e running oscillator. The division fector 
of the frequency divider 61 and the ratio b^ween the fisquraicy of the mixing signal 55 and 
the center frequency of signal 53 are equally determmed by the firequency band comprising 

the center frequency. 

Fig. 5 shows a transceiver 64 conqnising transmitter 61 and receiver 62. 
Receiver 62 receives iaput signal 10 fixjm antenna 67 and firequency^ dovwirconverts the input 
signal 10 to the lower frequency signal 18 ^di canbe ditha- a zero-IF or a near zero-IF 
signal. Signal 65 is obtained fixwtn the lower firequency signal 18 after being processed in 
processing means 63. Processing means 60 , process sigiial 66 into the lower firequency signal 
50. This signal is subsequentiy frequency up-converted by means of transmittra- 61 and 
transmitted through antrama 67. 

Fig. 6 shows a flowchart conqprising four steps S1,S2,S3 and S4 for firequency 
down converting a signal 10 using multistage frequency conversion. In step 81 a first mixing 
signal 1 1 is generated having a ratio to the center firequency, which ratio is determined by the 
one of at least two frequency bands that is comprising the center frequency. In step S2 a 
second mixing signal 13 is derived from the first mixing signal by using a firequency divider 
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22 having a division fector which is determined by the one of at least two frequency bands. In 
step S3, the radio frequency signal 10 is down-convert^ into a first lower fi^uaicy signal 
using the first mixing signal. Finally in step S4, the first lower frequency signal is frequency 
down-converted into a second lower firequmcy signal 18 using the second mixing signal 13. 

It is to be noted that the above-mentioned embodiments illustrate rather than 
limit the invention, and that those skilled in the art will be able to design many alternative 
embodiments without departing &om the scope of the q^pended claims. The embodiments 
can be realized in either the analogue or digital domain using analogue and digital 
components. The word "comprising" does not excliide the presence of elements or steps other 
than those listed in a claim. The word "a" or "an" preceding an element does not exclude the 
presence of a plurality of such elements. The mere fact that certain measures are recited in 
mutually different dependent claims does not indicate that a combination of these measures 
cannot be used to advantage. 
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CLAIMS: 



1. Receiver for leceiviag a radio fiequency signal (10) having a center fiequency 

that is coioprised in one of at least two fiequency bands, the receiver conqnising: 

oscillating means (20) for generating a first mixing signal (11) having a first 

fiequencjr; 

a fiequency divider (22) arranged to derive a second mixing signal (13) fix)m 
the first mixing signal; 

. a first iSixer (12) aixanged to downHx>nverc 
a first lower t^eqoisncy signal (15) using the first mixing signal (1 1); and 

a second mixer arranged to down-convert the first low fiequency signal to a 
second lower fiequency signal (1 8) using the second mixing signal (13); 

in "vtiiich a division &ctor of the fi:equency divider and a ratio between the 
center frequency and the first firequency are determined by the one of at Irast two fiequency 
bands. 

2. Receiver according to claim 1, wherein the receiver comprises a phase shifier 

(34) for shifting the phase of the second mixing signal (13). 

3- Transmitter for transmitting a radio frequency signal (53) having a center 

fiiequency that is comprised in one of at least two frequency bands, the transmitter 
comprising: 

oscillating means (56) for generating a second mixing signal (55) having a 
second fiequency; 

a frequency divider arranged (52) to derive a first mixing signal (54) from the 
second nuxing signal (55); 

a first mixer (57) arranged to iip-convert a lower frequency signal (50) to a 
higher firequency signal using the first mixing signal (54); and 

a second mixer (59) arranged to iip-convert the higher frequency signal (51) to 
a radio frequency signal (53) using the first second signal (55); 
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in which a division lactor of flie Sceqasncy divider and a ratio between the 
center frequency and the first frequency are determined by the one of at least two frequency 
bands 

4, Transceiver comprising a receiver (62) that is capable of receiving a radio 

frequency signal (10) having a center frequency that is comprised in one of at least two 
frequency bands, the receiver (62) con^jrising: 

oscillating means (20) for generating a first mixing signal (1 1) having a first 

fceqpency; 

a frequency divider (22) arranged to derive a second mixing (13) signal from 

the first mixing signal (1 1); 

a first mixer (12) arranged to down-convert the radio frequency signal (1 0) to 

a first lower frequency signal (15) using the first mixing signal (1 1); and 

a second mixer (16) arranged to down-convert the first low frequency signal 

(15) to a second lower frequency signal (18) using the second mixing signal (13); 

in which a division fector of the firequency divider and a ratio between the 

centra- frequency and the first frequency are determmed by the one of at least two frequency 

bands. 

5. Transceiver according to claim 4, comprising a transmitter (61) that is capable 
of transmitting a second radio frequency (53) signal having a second center frequency ttiat is 
comprised in one of the at least two frequency bands, the transmitter conqnising: 

a third mixer (57) arranged to up-convert a lower frequency signal to a higher 
frequency signal using a third mixing signal (54) having a third frequency, and 

a fijurlh mixer (59) arranged to iqi-convert the higher frequency signal (51) to 
the radio fi»quency signal (53) using a fourth mixing signal (55); 

6. Transceiver according to claim 5, wherein the oscillating means (20,56) are 
fiirther ananged to generate the fourth mfadng signal (55) having a third frequency and the 
transceiver ftmher comprises a second frequency divider (52) for deriving the third mfadng 
signal (54) from the fourth mixing signal (55), in which a second division fector of the 
second frequency divider and a second ratio between the second center fi»quency and the 
tiiird are determined by the one of at least two frequency bands. 
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7. Transceiver according to clann 6, "vdierein llie first mixing signal (1 1) equals 

the fhird mixing signal (54) and tilie second mixing signal (13) equals the foucdi mixing signal 
(55). 



5 8. Method for receiving a radio frequency signal (10) having a center frequency 

that is comprised in one of at least two frequency bands, the method comprising die steps o£ 

generating a first mixing signal (1 1) fliat has a ratio to the center fi:equency, 
which ratio is detemiined by the one of at least two firequency bands; 

deriving a second mixing signal (13) &om the first mixing signal by using a 
10 frequency divider (22) having a division factor which is determined by the one of at least two 
frequency bands comprising the center frequency; 

down-converting the mdio fi:equency signal to a first Iowa: fi:equency signal 
(15) using the first mixing signal (1 l);and 

down-converting the first lower fiiequency signal (15) to a second lower 
15 firequency signal (18) using the second mixing signal (13). 
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ABSTRACT: 



A leceiver for fiequeacy down converting a radio firequency signal (10) using 
a multistage fiiequency (down) conversion. The radio fiequency signal (10) having a center 
fieqoency that is comprised in one of at least two j&equency hands, coniprises oscillating 
means (20) for genmting a first mixing signal (11) having a first fiequency. And also a 
5 ^cqpency divider (22) arrange to dmve a second mixing signal (13) fitnn the first mixing 
signaL The receiver fiuther conq)rising a first mixer (12) arranged to down-convert the radio 
frequency sigi^i (10) to a first lower firequisncy signal (15) using the first mixitsg signal (11) 
and a second nodxer arranged to down-convert the first low firequency signal to a second 
lower fi-equency signal (18) using Ifae second mixing signal (13). Wherein the division &ctor 
10 of the frequency divider and a ratio hetween the center firequency and the first fiiequency are 
determined by the one of at least two fi^equency bands . Similarly a transmitter can transmit a 
radio fi:equency signal (S3) by using multistage firequency (up) conversion. 

Fig. 2 
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